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Upcoming microwave background experiments will see an incredible increase in the volume of data
to be analyzed, which makes the choice of how it is discretized on the sky a crucial issue. I discuss
criteria for evaluating different pixelizations and the advantages of using an exactly azimuthal or
‘igloo’ pixelization of the sky. Talk given at “The CMB and the Planck Mission” workshop in
Santander, Spain, June 1998.
1. WHY DO WE CARE ABOUT PIXELIZATION?
The next generation of cosmic microwave experiments will usher in a new
‘precision’ era, providing maps of large parts of the microwave sky with greater
resolution than ever before. In particular, the satellite experiments, MAP and
Planck, will provide millions or hundreds of millions of independent temperature
measurements over the full sky. With such a dramatic increase in the amount
of data, the methods that we use to handle and analyze it must be substantially
improved. The first step in this process is determining how the data are to be
discretized and stored.
The only previous full sky measurement of the CMB anisotropies was COBE
DMR, which had very low resolution and so had only a few thousand independent
pixels. The COBE data was stored using a ‘quad-cubed’ pixelization, which was
based on the edges of a cube that were projected onto the sky. Each face of the cube
was divided into quarters of the same area, and this process was iterated to obtain
higher and higher resolution pixelizations. (In the COBE implementation, however,
the pixels were not strictly equal area and had variations in pixel size of order 10%
[Greisen & Calabretta 1993].) Most analyses of the COBE data used brute force
inversions of N ×N matrices, where N is the number of pixels. The time required
to perform such inversions scales as N 3, so while this was just tractable for COBE,
it will not be an alternative for the future satellite experiments.
Many alternative pixelizations have been suggested, each with its own advan-
tages [Tegmark 1997, Gorski 1997, Wright 1998, Crittenden & Turok 1998]. When
choosing between them, a number of issues must be considered:
• Speed of Spherical Transforms – One often wants to change variables from the
experimentally measured pixel temperatures (TP ) to the coefficients of a spherical
harmonic expansion (alm’s) to compare to predictions of different theories. These
are related by a spherical transform, defined by






T (θ, φ)Y ∗lm(θ, φ)dΩ.
When discretized, these transforms naively take N 2 operations, because N spherical
harmonic functions need to be evaluated at N separate points on the sky.
However, as has been recent emphasized, if one uses a pixelization with discrete
azimuthal symmetry, then the spherical transforms can be greatly sped up [Muci-
accia, Natoli & Vittorio 1997]. This utilizes the fact that the azimuthal dependence
of the spherical harmonic functions can be simply factored out,
Ylm(θ, φ) = λlm(θ)e
imφ.
The azimuthal sum can then be performed quickly with a fast Fourier transform.
Effectively, this means that the N functions need only be evaluated at N 1/2 different
latitudes, so that the whole process requires only N 3/2 operations. This property
has recently been exploited by Oh, Spergel and Hinshaw [1998] to solve for the
power spectrum of simulated MAP data.
• Convenience – One of the nice features of the quad-cubed pixelization used by
COBE was its hierarchical nature, in that each pixelization was a subdivision of a
coarser pixelization. This naturally gave the pixels a tree structure and allowed the
data to be coarsened by simply adding the finer resolution temperatures in groups
of four. Another benefit of this tree structure was that it ordered the data in a local
way, which allowed for quick algorithms for finding neighboring pixels. It would
very useful to maintain this hierarchical structure in future pixelizations.
• Simplicity – The pixelization should be easy to understand, use and explain. An
underlying simplicity helps also to make the algorithms for manipulating the data
faster.
• Systematic Effects – Finally, because one is making a precision measurement,
one needs to minimize systematic errors introduced by the pixelization and be able
to correct for them. The pixelizing of the sky creates two kinds of errors as one
approaches the pixel scale. First, the pixelization smoothes out the temperature
maps, effectively suppressing the amplitudes of the different modes. The suppression
becomes larger for the higher l modes, and it also depends on the individual m
modes. This damping must be understood and accounted for in order to reconstruct
the original mode amplitudes.
Secondly, one must consider the problem of aliasing. Aliasing arises because
the different modes cease to be orthogonal when they are discretized. Clearly, one
can not reconstruct any more independent mode amplitudes than the number of
independent pixels. For a regular one dimensional grid, only modes with a frequency
below the characteristic frequency of the grid, known as its Nyquist frequency, are
orthogonal. Higher frequency modes appear the same as these lower modes when
discretized, which is demonstrated by Figure 1.
